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OF EXHAUSTVALVIW,AND KNOCK—LIMI!EQPOWER

By B. A. Mulcabyand M. A. Z@kln

INTROIWCTION

Hot oorrosionof the crown& the exhauetvalvehas beenfound
to be one of the prinolpalcausesof exhaust-valvef allures(refer-
enoe 1). Banks (referenoe2) and Hivesand Smith (referenoe3) have
conoludedthat thishot corrosionla a resultof the aotionat?lead
oxidedepositedon the head of the valveduringthe combustiond a
fuel oontainlngtetraethyllead. AnECL@isof depositscm the crowns
of severalexhaustvalveshas showna lergepercentageof the deposit
to be leadcmupounds,which Indicatesthat all of the leadwas not
scavengedfrcm the cylindm.

In orderto preventthe formationof theselead depositswithin
the oylinder,ethylenedlbromidaIs addedto the leadedfuel, The
functionof the ethylenedlbromldeis to reaotwith the leadto form
volatlleccnnpoundsthatwill ba scavengedwith the exhaustgases.
Fuels currentlyused In airortitenginescontain0.96 gram of ethylene
dibrmuideper milliliterof tetraethyllead,Which 1s the quantity
theoreticallyrqulred to combinewith the lead. A fuel oontalnlng
thisconcentrationaP ethylenedibrcmideIs deslgmted a l-Tmix.

In orderto determinewhetheran exoessof ethylenedibrcmlde
might decreasethe amountof unsoavengedlead in the cyllnderand
therebyreduoevalve-crowncorrosion,two enginetests (testsA and
B) were mndunted duringJune and July 194 at the NACA Cleveland
laboratoryusinga 1-Tmlx end a 2-T mix (a fuel containingtwice
the amountof ethylenetibr~de theoretical requiredto cmmbine
with the lead)and the amountsof resultingvalveoorrosionwere
ocmqwed. A third test (testC) was run to.investigatethe possi-
bilitythat additionalethylenedlbrmlde lnthe fuel might,by
ocmblningwith the lead,reduoethe lmook-ltitedpower obtainable
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with the fuel. Rhook-limitedindicatedmean effectivepressurein
a WrightC9CC cylinderwas detemined over a rangeof fuel-airratios
for 1-T and 2-Tmlxes of AN-F-2a(28-R)fuel.

APPARATUSMD TESTPROCEIURE

In all the tcmtgstandardlaboratoryequipmentwas used to
measureen@ne speed,poweroutput,cyl.iadertiempere,twee,andfuel
and air conmmpticn. Rhockwas detected5y a magmt <s-ty;eknock-
indicatorpickupmountedon the rear sparkplug end connactedto a
cathode-rayoscIlloscope.

Test A, whichcons~stealcf two runs,was conductedon an NACA
universaltest enginecrankcasewith a used Wri@t C9GC cylhder,
An unusedWrl@t C80C etiaustV81VEJwas employedfor eachrun. The
firstrun of testA conststedof 22 hours of operationusinga 1-Tmix
@ AN-F-28(28-R)fuel, containtig4.53millilitersof tetraethyl
loadper gallon. The eecmd run usingan addltional4.35 gramsof

ethylenedibrcunidoper gallon(2.-Tmix) was terminatedafterl& hours’
2

operationbecauseof excessivetitmfiring. Afterfiring,wasnoted
throughoutboth runs,but on the secondrun the aftefiirlngreached
the pointat whichthe operatordeemedit advisableto shutdown.

Aftereach run tho dopcslton the crownof the pis%n was removed
and analyzedfor lead content. The depositson the valvecrowns
resultingfrom combustionwere removedby the electrolyticprocess
describedin reference4. The amountof corrosionwas detezm~nedon
the basisaf weightloss sustained,by eachvalveduringoperationat
the followlngcondjtlons:

Enginespeed,ram . . . . . . . . . . . . . . . . . . . . . . . 2200
Fuel-airratio. . . . . . . . . . . . . . . . . . . . . . .0.081
Indicated.mean effectivepressure}poundsper square inch . . . 205
Temperatureof rear spark-plugbushing,% . . . . . . . . . . 450
Canbustion-airinlettemperature,% . . . . . . . . . . . . . 150
Sparkadvance,degreesB.TIC. . . . . . . . . . . . . . . . 22.5

TestsB and C ware run on a single-cylinderconversionof a
WrightR-1820-73crankcasewith a usedWrightC9GC cylinder. In
testB compuatlve weight-lossrunswere made on two unusedvalves
using 1-T and 2-Tmixes of AN-F-28(28-R)fuel with the tetraethyl
lead contentincreasedto 6.0 millilitersper gallon. The testcon-
sistedof 18 hours at’engineoperationwith eachvalve at the same
engineconditionsas thoseof test A with the exceptianaP the
caubustion-airInlettemperature,whichvariedbetween90°F and
10001’. No cabustion-airheaterwas availablefor this test.
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In testC knooli-~ted indioatedmean effeotlvepressurewas
determineduvera rangeof fuel-airratiosfor 1-T and 2-Tmixes of
AN-F-28(28-R)fuel”underthe follqwingo-onditions:..

Engtieapeed,rpm . . . . . . . . . . . . . . . . . . . ...2200
Combustlcm-airinlettemperature,% . . . . . . . . . . . . 250
Sparkadvance,degreesB.T.C. . . . . . . . . . . . . . . . . 20
Coollng-alrpressuredropaorossoylinder,Inobesof water . . 8

RIHUM!SAND DISCUSSION

The resultsof testsA endB to determinethe effeot of ethylene-
dlbroinideconoentration cm leadcorrosionof the exhaustvalveare
eummarlzedIn the followlngtable:

Fuel Wel@ 10ss of valve

Mix Lengthof test Total Rate Rate —
(ml/gal) (h) (grtuns)~~~ per (percentaged

10ssWith 1-T
mlx)

4.53 1-T 22 5.18 0.235 100
i!-T 1$ 1*97 .119 51

6.0 1-T 18 3.17 0.176 100
2-T 18 .53 .029 16

The exhaustvalvesused in testA ere shownIn figure1 before
theywere cleaned. The valvetestedin the first run with the
1-Tmlx showsconsiderabledeposit(flg. l(a)),whereasthe other
valveoperatedh the semnd run with the 2-Tmix shornlessdeposit
(fQ. l(b)). The same trendwas obsemed after18 hours’o.peratlon
with the leadoontent& the fuel jnoreaeedfrcza4.53 to 6.0milli-
litersper gallon. (Seefig. 2.)

Afterboth runs C& testA, the doposlton the pletonorownwas
removedand analyzedto determinethe leadoontent. The plstm orown
was used Insteadof the valTecrownto determinethe amountaf deposit
becauseof its Mger area and becausethe corrosionof the valve
mekee quantitativeanalysisof depositsdlffioult. It was found that
the rate d leaddepositon the pistoncrownduri~ the portionof the
test using2-TmIX was 73 percentof the rate duringthe portionusing
1-Tmix.

I —— — . ---- -.
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In testB when the lead contentof the fuel was increasedto
6 millilitersper gallon,measurementsweremade of the amountcf
mterlal depositedon the spark-pU~ electrodes.Thesedata are
presentedin the followlng‘table:

I !Sparkpl~ Mlx l?ei~tof deyosi ReductionIn
(P) depos:t

I I ! (Pcmcent)

The cc!ndltionsmlected for testA were such thatthe exhaust-
valvetemporaturowouldbe approxlmtely12@0°F ao estimatedi%~
We dab of fi~-e 6 of reference5. In test B the combustion-air
imle-itemporalmm mm reduoedfrmu150°F to 95°F +5° F, which
remltod in a realmLionin valvetempcn’atuue.This changein valve
tempevatrmp~obalilyaccountsfoi* the reductIon In amountof valve
corrcsloaIn test B.

The resultsof test C are pmmonted in figure3, which shows
knock-limitedIndlcatadmean oftoctlvepressuresobtainableh a
WrightCSGC cylinderwith 1-T and with 2-T concontratlonsof ethyl-
ene dtbromfdein the fuel. When tho dhyleno-dlbrmlde concentm-
ttonwns Increa=edto a 2-T nix, therewas apparentlyno effecton
lmocklimitc~erthe rq,e of conditionslnvestl~ted;aU test
pointswith both fuels:ell.on a sln@e curvetithtithe Um3ts of
reFrcduclbilIty. Tho lmocktestswere conductedwithoutdisassem-
bly o: the engineand no attemptwas made tc measurevalve corro-
sionduringthosetests.

The Increasein knock-lhltedpoweyobtainable3Y Increasing
the amountof tetraethylload in S referencefuel Is shownh fQ-
ure 4, whic~was plottedfram unpul!lieheddata. Increaseof the
lead contentof fuelsIs llmitedprincipallyby the resultinglend
depositson the spark-plugeloctrodosand by the lead corrosionof
the exhaustvalve. Imsmuch as thcsoeffectsarc roducodby the use
of additionalotlq-lmodibrwnido,advantagecouldbe takenof the
hi@er powerobtahable with Incroasodtetraethyl-leadcontentIf
thG p.”oportionof otlqilmedlbromidoto totraothylload wore in-
cmasod.
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SUMMARYOF RESULTS

The followingresultswere obtainedfiamtestsrun to deter-
mine whethbran exoessof ethylenedibrcmldemightdeoreasethe
tunountof unsoaven@dlead In the oylinderand therebyreducevalve-
orownoorroslon:

1. When ethylenedlbralde In exoessof the smounttheoretl-
oallyrequiredtc camblnewith the lead In the fuel (1-Tmix) was
added,the corrosionof the e~ust-valve crownand the material
depositeon the pistonM sparkplugswere reduced.

2, Fuel containingtwicethe theoreticalamountof ethylene
dlbromide(2-Tmix) produoe~the samekzmok-llmltedindicatedmean
effectivepreseureas did fuel containingthe theoreticalamount
of ethylenedibrmlde (1-Tmix).

.41rcraftEngineResearchLaboratory,
NationalAdvisoryCcmmltteefor Aeronautics,

Clevehnd, Ohio.
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(Q) Va!U@ after 22 hours of operation
using 1-T mix.

(b) Value after 16$ hours of operation

using 2-T mix.

Figure 1. - Comparison o’fexhaust ualues after operation with fuels having different
concentrations of ethylene dibromide. Wright C9GC cylinder; engine speed, ~
22oO rpm; indicated mean effective pressure, 205 pounds Per square inch; ~
fuel-air ratio, 0.081; fuel, AN-F-28 (28-R) with 4.53 milliliters of TEL “
per gallon.
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(o) Valve after test using 1-T mix. (b) Value after test using 2-T mix.

Figure 2. - Comparison of exhaust valves after 18 hours of engine operation with fuels
having different concentrations of ethylene dibromide. Wr”ight C$GC cylin-
der; engine speed, 2200 rpm; indicated mean effective pressure, 205 pounds
per square inch; fue/-u/r ratio, 0.081; fuel, AN-F-28 (28-Rj uith 6.0
milliliters of TEL per gallon.
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Figure3. - Comparison of knock-limitedindicatedmeaneffectivepreasmeof fuelswithdifferent
concentrations of ethylene dlbrostlde. Wright C9GC cylinder; engine speed, 2200 rpm; combustlon-
●lr taaperature, 250° F; eoollng-alr pressure drop ●crosscylinder, 8 inches of water; spark
timing, 200B.T.C. —
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Figure 4. - Variation of power increase with tetraethyl-lead
concentration for S reference fuel as determined by the
F-4 rating method. (plotted from unpublished data.)
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